Hot gas giant exoplanets can lose part of their atmosphere due to strong stellar irradiation, and these losses can affect their physical and chemical evolution. Studies of atmospheric escape from exoplanets have mostly relied on space-based observations of the hydrogen Lyman-a line in the far ultraviolet region, which is strongly affected by interstellar absorption. Using ground-based high-resolution spectroscopy, we detected excess absorption in the helium triplet at 1083 nanometers during the transit of the Saturn-mass exoplanet WASP-69b, at a signal-to-noise ratio of 18. We measured line blueshifts of several kilometers per second and posttransit absorption, which we interpret as the escape of part of the atmosphere trailing behind the planet in comet-like form.
I n recent years, high-resolution spectroscopy has become a frequently used tool for investigating exoplanet atmospheres (1) (2) (3) (4) . Numerous stable high-resolution spectrographs have been deployed on telescopes specifically for exoplanetary science (5) (6) (7) (8) . One of these spectrographs is CARMENES (Calar Alto high-Resolution search for M dwarfs with Exoearths with Nearinfrared and optical Échelle Spectrographs) (8) at the 3.5-m telescope of the Calar Alto Observatory. The spectrograph simultaneously covers the visible wavelength range from 0.52 to 0.96 mm and the near-infrared range from 0.96 to 1.71 mm. The near-infrared coverage provides access to exoplanet atmospheric features that cannot be observed in the visible range, including the triplet of metastable He I lines around 1083 nm. This feature has been proposed as a tracer for atmospheric evaporation (9) , a process whereby intense x-ray (~0.5 to 10.0 nm) and extreme ultraviolet (EUV) (10.0 to 92.0 nm) irradiation from a host star causes atmospheres of hot gas exoplanets to expand, resulting in a bulk mass flow away from the planet. The continuous mass loss most strongly affects small sub-Neptune-sized planets and may be capable of removing their entire volatile atmosphere (10) . Helium absorption at 1083 nm is sensitive to the low-density gas in an evaporating atmosphere (9, 11, 12) , and its observation is not affected by absorption in the foreground interstellar medium, which hampers studies of the neutral hydrogen Lyman-a (Lya) line (9) . He I absorption has been detected in a transmission spectrum of the exoplanet WASP-107b using data from the Hubble Space Telescope (13) . However, the low resolution prevented a detailed study of the line triplet, including its shape, depth, and temporal behavior.
The Saturn-mass exoplanet WASP-69b orbits an active star with a period of 3.868 days (14) . It is a suitable target for atmospheric studies, due to its large atmospheric scale height and high planet-to-star radius ratio, facilitating the detection of 5.8 ± 0.3% excess absorption in the Na D line (15) . We used the CARMENES spectrograph to observe two transits of WASP-69b on 22 August 2017 and 22 September 2017 (night 1 and night 2, respectively) (see table S1 for the observing log). The observations spanned approximately 4 hours for each epoch, which covered the full transit and provided a before-and after-transit baseline. In total, 66 spectra were recorded, 31 of them out-oftransit spectra.
The wavelength region surrounding the He I feature is affected by emission and water vapor absorption lines originating from within Earth's atmosphere ( fig. S1 ). Although these lines are spectrally separated from the He I triplet, we corrected for the effect of water absorption using the European Southern Observatory (ESO) tool Molecfit (16) and for the sky emission lines using an empirical model derived from the data (17) . After this correction, we performed continuum normalization and brought the spectra to the stellar velocity rest frame. We then computed a master out-of-transit spectrum (F out ), which was used to normalize all spectra, following Fig. 1 . Illustration of the exoplanet WASP-69b (black) and its extended helium atmosphere (gray-blue) at the different contact points. Shown are the first (T 1 ), second (T 2 ), third (T 3 ), and fourth (T 4 ) contacts of the broadband planet transit and also the moment when the tail has passed the stellar disk, T 4, helium , 22 ± 3 min after T 4 . standard analysis methods (1, 15) . The resulting residual spectra contain the exoplanet absorption signal ( fig. S2 ). We shifted them into the planetary rest frame and computed the transmission spectrum by co-adding all residual in-transit spectra (F in /F out ) obtained between second and third contact ( Fig. 1 ), i.e., when the planet disk was fully in front of the stellar disk.
The combined transmission spectrum for the two nights is shown in Fig. 2 . An excess absorption in the He I line at the level of 3.59 ± 0.19% was detected. The given uncertainty corresponds to 1 standard deviation (1s) of the continuum flux. The signal was detected separately in each visit at 3.96 ± 0.25% (1s) and 3.00% ± 0.31% (1s) for nights 1 and 2, respectively ( fig. S3 ). We modeled the transmission spectrum with three Gaussian functions with fixed amplitude ratios and relative wavelengths according to theoretical values for the He I triplet (18, 19) . We fitted a common line width, Doppler shift, and intensity of the lines (17) To examine the behavior of the helium absorption over time, we constructed a light curve by summing the flux within a 0.04-nm-wide passband centered on the blueshifted core of the He I feature for each residual spectrum in the planet rest frame (15) . The resulting light curves for each of the two nights are shown in Fig. 3 . The helium absorption began shortly after the planet ingress, with no observable pretransit absorption, and lasted for 22 ± 3 min after the transit ended ( fig. S5 ). This light curve behavior does not depend on the width of the chosen passband. By fitting the Rossiter-McLaughlin effect (RME), a deformation of the stellar lines caused by the planet occulting different parts of the rotating stellar surface during transit, for our visible channel radial velocity data (17) ( fig. S6 ), we obtained midtransit times consistent with the known planet orbit. The signal of the RME corresponded with the predicted broadband transit duration of 2.23 hours (14), so we can be confident that the observed posttransit helium absorption is real. We used the RME curve to estimate the potential contamination of the transmission spectrum by the corresponding deformation of the stellar lines during transit; we found that the impact was negligible (17) (fig. S7 ). The He I D 3 line at 587.6 nm and the Ca II infrared triplet (IRT) at 849.8, 854.2, and 866.2 nm, both indicators of stellar activity, showed no sign of active regions (17) (fig. S8) . The time delay of the helium ingress and egress indicates that the distribution of helium around the planet is asymmetrical and that a cloud of gas is trailing the planet along its orbit (Fig. 1) . We calculated the length of this tail as~170,000 km, i.e., 2.2 times the planet radius (longer if tilted with respect to the planet's orbit). Acceleration of the tail ma-terial away from the planet could be the cause of the blueshifted absorption. This hypothesis is supported by the larger measured net blueshift of −10.69 ± 1.00 km s −1 when only the helium tail is occulting the stellar disk ( fig. S9 ). The tail length and velocities suggest that helium is escaping the planet (17) .
We also analyzed CARMENES transit observations of the hot Jupiter-mass exoplanets HD 189733b and HD 209458b, the extremely hot planet KELT-9b, and the warm Neptune-sized exoplanet GJ 436b ( fig. S10 ). GJ 436b and HD 209458b both show evaporation of hydrogen in the Lya line (20, 21) , and KELT-9b is surrounded by a large cloud of evaporating hydrogen absorbing in the Balmer Ha line at 656.28 nm (22) . GJ 436b and HD 209458b are predicted to have large absorption depths in the He I line (~8% and~2%, respectively) (9), although a previous study of HD 209458b did not detect any absorption (23) . We did not detect He I absorption for most of these planets, with 90% confidence upper limits of 0.41% for GJ 436b, 0.84% for HD 209458b [i.e., in disagreement with the predicted levels (9)], and 0.33% for KELT-9b ( fig. S10 ). However, we did detect helium absorption in HD 189733b at the level of 1.04 ± 0.09% (24) . A companion paper reports a similar detection of helium absorption for the warm Neptune-sized planet HAT-P-11b (25) . For our detections, we calculated the equivalent height of the He I atmosphere d Rp , i.e., the height of an opaque atmospheric layer that would produce the observed absorption signal (table S2) . For both WASP-69b and HD 189733b, we found d Rp to be~80 times as large as the atmospheric scale height H eq calculated for the respective planet's deep atmosphere, i.e., in hydrostatic equilibrium (17) . For the other three planets, our upper limits correspond to no detections of features abovẽ 40 H eq . Why do similar hot gas exoplanets show such a range of helium absorption values? The expansion of the escaping planetary atmosphere depends on parameters like the EUV irradiation and the planetary density (26) , but the population of the helium triplet state depends on the irradiation at wavelengths <50.4 nm (9) . Whereas GJ 436b and HD 209458b orbit very quiet stars (27, 28) , the hosts of the planets in which helium is detected, i.e., WASP-69, HD 189733, HAT-P-11, and WASP-107, are all relatively active stars (14, 15, 29, 30 ). For Fig. 4A, we normalized absorption altitude of helium d Rp /H eq against the stellar activity index log(R′ HK ) (31). Our sample size was limited, but the detections succeeded for the planets with the more active stellar hosts, hinting at a relation between He I detectability and host star activity. Low-mass stars (F-, G-, K-, and M-types) have a convective layer that, in combination with stellar rotation, produces phenomena associated with magnetic activity. The exterior layers of low-mass stars are (from inside to outside) photosphere, chromosphere, transition region, and corona. In general, activity in the chromosphere is detected in spectral features such as the activity indicator Ca II H and K doublet lines at 393.4 and 396.8 nm, whereas the transition region and the corona produce emission in x-ray and EUV. The metastable 2 3 S helium triplet state, which is the lower level of the observed absorption lines, is populated via radiative ionization of He I by photons with wavelengths <50.4 nm followed by recombina-tion (32) . Thus, a higher x-ray and EUV (<50.4 nm, hereafter XUV He ) irradiation level should enhance the formation of the He I triplet in atmospheres of hot gas planets. We calculated the XUV He flux received by all discussed planets (table S3) at the separation of their orbit (17) (table S4) . For Fig. 4B , we plotted the normalized He I atmospheric altitude d Rp /H eq for our measurements as a function of the XUV He flux. The line is detected for the planets receiving the largest combined XUV He irradiation. These results indicate a dependence of the detectability of He I in planetary atmospheres on intense x-ray and EUV emission from the parent star. Fig. 3 . Spectrophotometric transit light curves of WASP-69b. We integrated the spectral flux in a 0.04-nm-wide bin around the core of the planetary He I line for every observed spectrum over two transits, normalized by the continuum flux outside of the absorption feature. The first (T 1 ), second (T 2 ), third (T 3 ), and fourth (T 4 ) contacts of the planet transit are marked by dashed vertical lines. Two individual transit light curves are shown in black (night 1) and blue (night 2). The drop in flux from the continuum transit has already been removed, leaving the excess absorption due to helium. The continuum behavior is indicated by the horizontal yellow dotted line. The 1s uncertainty intervals are shown as light blue and gray shaded regions. The excess absorption lasts until well after the stellar occultation by the planet has ended (T 4 ), indicating that absorbing material is still in front of the star. We find the excess absorption ends 22 ± 3 min after the planet's egress (T 4, helium , vertical red dash-dotted line). Fig. 4 . Detected signals as a function of host star activity and received XUV He irradiation. The equivalent heights of the He I atmosphere d Rp , normalized by one atmospheric scale height of the respective planet's lower atmosphere H eq , are shown. For the two detections we plotted 1s error bars, and for the nondetections we plotted upper limits corresponding to a 90% confidence level. (A) d Rp /H eq as a function of the host star activity index log(Rʹ HK ), where larger values indicate stronger stellar activity (31) . The KELT-9 system is not plotted, because its log(Rʹ HK ) is not known. (B) d Rp /H eq as a function of stellar flux with a wavelength <50.4 nm at the distance of the planet orbit. The two strong detections of an extended helium atmosphere occur for the two planets having more active host stars and higher planetary XUV He irradiation.
